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The effects of cyproterone acetate on statural growth
in children with precocious puberty

W. Sorgo!, E. Kiraly?, J. Homoki’, E. Heinze’,
W. M. Teller?, J. R. Bierich? H. Moeller? M. B. Ranke?,
O. Butenandt?® and D. Knorr3

Departments of Paediatrics, Universities of Ulm?, Tiibingen? and Munich® FRG

Abstract. Forty-four patients (42 f, 2 m) with precoci-
ous puberty (31 idiopathic, 1 familial, 7 cerebral, 5
McCune-Albright) were treated with cyproterone ace-
tate for periods of 1-8.75 years in different (P < 0.05)
daily dosages of 117 + 6.1 mg/m? per day (X T siM,
group A, N = 20) and 60.8 * 2.42 mg/m? per day
(group B, N = 24). Thirty-three girls had experienced
menarche before therapy at a mean age of 4.89 + 0.42
years. Treatment was started at a chronologic age of
5.45 * 0.33 years in the girls and 5.74 & 1.34 years in
the boys. At the time of evaluation, 31 of our patients
had reached final height. With respect to the effects of
treatment on statural growth, the Standard Deviation
Scores were retrospectively determined for height,
weight, and growth velocity. The initial Bayley-Pinneau
height predictions were compared with final height and
target height, and the skeletal maturation was studied.
There were no significant differences between those
parameters in the patients of group A and B or between
treated and untreated subjects as far as final height and
target height were concerned. It is concluded that
cyproterone acetate administered orally at daily doses
from 50~150 mg/m? does not improve statural growth
of patients with precocious puberty.

Isosexual precocious puberty (IPP) is a rare condi-
tion. With respect to its frequency, the idiopathic
form predominates the other variants. It is more
common in girls than in boys (ratio 3:1, Reiter &
Kulin 1972). The incidence of the idiopathic ver-

This work was presented in part at the 30th Annual
Meeting of the Deutsche Gesellschaft fiir Endokrino-
logie in Munich, March 12—-15, 1986, and at a work-
shop at Tabingen, April 11—-12, 1986.
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sus the cerebral form is about 7:1 in girls an
1.5:1 in boys. Cenditions such as the McCune
Albright syndrome presenting with the triad o
sexual precocity, polyostotic dysplasia and cutane
ous pigmentation, or other syndromes being als
associated with precocious puberty as well as th
familial type of the disease are still more infre
quent. As for the McCune-Albright syndrome
the underlying mechanism which initiates pubert
is controversial (Foster et al. 1984a,b; Lightner e
al. 1975).

IPP is induced by a premature activation of th
hypothalamo-pituitary-gonadal axis. It is clinicall
characterized by the onset of pubertal changes a
an earlier age than normal, by rapid growth, an
an excessive rate of skeletal maturation. Thes
factors are mainly responsible for the impact o
this disorder on the patient. Individuals wit
precocious puberty usually fail to achieve a final
height which is adequate to their target heigh
Although several regimens of hormonal trea
ment have been introduced in the past (Green
blatt et al. 1971; Helge et al. 1969; Kupperman
Epstein 1962; Menking et al. 1971; Neumann
Hamada 1964), the results have been conflictin
with respect to the improvement of ultimate adu
stature (Bossi et al. 1973; Greenblatt et al. 1971
Helge et al. 1969; Kauli et al. 1976; Kupperman
Epstein 1962; Lyon et al. 1985; Menking et 4
1971; Rager et al. 1973; Stahnke et al. 1979
Werder et al. 1974). In contrast, it is generall
accepted that patients with precocious pubert
may benefit from therapy with progestation



rugs with respect to arrest and reversal of the
evelopment of secondary sexual characteristics,
ne of these agents is cyproterone acetate (CPA)
hich was first reported by Neumann & Hamada
1964. CPA had subsequently been introduced
for the treatment of precocious puberty in boys
d girls, irrespective of aetiology (Helge et al.
69; Rager et al. 1973; Bossi et al. 1973; Werder
et al. 1974; Kauli et al. 1976; Stahnke et al. 1979;

atural growth

berty fvon et‘al. 1985). o
In this paper, we present an analysis of CPA
eatment in 44 patients with various forms of

cinze?, P;recocious puberty with special regards to long-

B. Ranke?, dinal growth, skeletal maturation, height pre-

diction, and final height.

and Munich3 FRG

. : Patients and Methods
al form is about 7:1 in girls and:

Conditions such as the McCune- _ Definition of IPP

ome presenting with the triad of Aecording to clinical criteria, the diagnosis of IPP was
v, polyostotic dysplasia and cutane stablished when secondary sexual characteristics ap-
on, or other syndromes being als ::eared .l)cfore the age of 6 years in girls and 8 years in
| precocious puberty as well as the boys (Bierich 1983). Bone age (BA) had to be acceler-
£ the disease are still more infre.: d by more than 1 year compared with chronologic

ge (CA).

the McCune-Albright syndrome ge (CA)
‘mechanism which initiates puberty
| (Foster et al. 1984a,b; Lightner e

atients, dosage and grouping

¢ present series comprised 44 patients (42 f, 2 m)
h' precocious puberty who had been treated with
A during 1969-1984. The patients, who were fol-
red in three clinics (Depts. of Paediatrics, Universities
Ulm, Thibingen, and Munich), were divided into two
ups according to the mean CPA doses applied by
uth twice or three times a day (group A, N = 20,
ly CPA dose 117 * 6.1 mg/m? body surface area
A), X £ SEM; group B, N = 24, daily dose 60.8 +
2 mg/m?2, P < 0.05).

=d by a premature activation of th
situitary-gonadal axis. It is clinicall
by the onset of pubertal changes a
than normal, by rapid growth, an
ate of skeletal maturation. Thes
inly responsible for the impact o
on the patient. Individuals wit
berty usually fail to achieve a final
is adequate to their target height
ral regimens of hormonal treat
en introduced in the past (Green
1; Helge et al. 1969; Kupperman
Menking et al. 1971; Neumann &
), the results have been conflictin
 the improvement of ultimate adul
et al. 1973; Greenblatt et al. 1971
69; Kauli et al. 1976; Kupperman &
Lyon et al. 1985; Menking et al
et al. 1973; Stahnke et al. 1979

1974). In contrast, it is geperall
patients with precocious pubert
from therapy with progestationd

h regards to the type of precocious puberty, the
gnosis was idiopathic in 31 patients (29 f, 2 m) and
ilial in 1 girl. In 7 girls there was a cerebral lesion (5
rocephali, 1 suspected hamartoma in the region of
tuber cinerum, 1 tumour around the basal cisterns)
ciated with precacity. 5 girls presented with the
Cune-Albright syndrome.

general, during therapy physical examinations and
determinations were done every 6 months. The
ing numbers of cases at each time of control were
ed by two facts: Firstly, BA controls were not always
lable at every examination. Secondly, the number of

patients varied depending on the duration of therapy
After cessation of treatment, all patients underwent
follow-up examinations twice a year until they had
reached the age of 1517 years and were discharged
from further follow-ups.

Vaginal smears were examined before therapy in
most of the girls. In those who were controlled during
CPA administration, a reduction of cornified cells was
ohserved,

Methods

All data were evaluated retrospectively. Height was
measured using a stadiometer. BA was assessed by the
method of Greulich & Pyle (1959). The tables of Bayley
& Pinneau (1952) were used for the prediction of adult
height. Target height (TH) derived from parental sta-
tures was expressed according to Tanner et al. (1970).
The absolute values for height, weight and height
velocity were transtormed into the corresponding sp
scores (SDS) using the reference data of the Zurich
Longitudinal Growth Study (Prader et al., unpublish-
ed). SDS was calculated for CA and BA, respectively.
Readers who are not familiar with SDS presentations
should be reminded that unchanged SDS values over a
period of 2 years signify normal growth and not ah-
sence of growth. Since the patients with the various
conditions, including those with the McCune-Albright
syndrome, did not distinctly differ with respect to the
initial age distribution and the therapeutic schedule,
the effects on growth were presented graphically by
pooling all patients of each group. The graphs and
mean values for height, weight, and height velocity
were constructed as outlined previously (Sorgo et al.
1982).

Final height (FH) and TH were compared with the
corresponding data of two series of untreated patients
with precocious puberty reported in the literature
(Sigurjonsdottir & Hayles 1968; Thamdrup 1961).

Radiologic studies

None of the patients wiah precocious puberty associated
with intracranial abnormalities underwent craniotomy.
The subjects with CNS lesions were investigated either
by air-encephalography or by cranial CT scan. The 9
boys with IPP had normal cranial CT scans. Air-en-
cephalograms and CT scans were also performed in 20
other patients with the idiopathic condition and con-
sidered to be normal. In the patients with the McCune-
Albright syndrome, multiple lesions of fibrous skeletal
dysplasia and a markedly thickened base of the skull
were evident at radiologic examinations.

Endocrine findings

Before CPA treatment, plasma LH and FSH were
determined in 26 patients after GnRH stimulation. In
all cases there was a distinct rise of the gonadotropins.
In 10 other patients, the sporadically measured LH and

45




FSH values were in the pubertal range. The levels of the
biologically determined gonadotropins from urine were
not elevated in 2 subjects. Oestradiol determinations
from plasma (RIA) and urine (spectrophotometric,
fluorometric, and gaschromatographic methods) re-
vealed elevated values conforming to BA in only 9/15
girls. The remaining patients were found to be normal
for age. Plasma testosterone was elevated for age in 1
boy. In general, the range of the hormonal values was
wide, displaying no clear differences independent of
the type of precocious puberty. During CPA treatment,
both in the ‘high’ and in the ‘low’ dose treated patients
(group A and B), the gonadotropins as well as oestra-
diol and testosterone returned to the prepubertal
range. 'The secondary signs of pubertal development
were reversed, menses and pollutions ceased. On CPA
therapy, no clinical symptoms of adrenal hypofunction
were observed, although the concentrations of the glu-
cocorticosteroids decreased (Girard et al. 1978).

Table 1.
Clinical data of patients with various types of precocious puberty grouped according to
the mean cyproterone acetate dosage.

Statistics
Analyses of significance were performed using ne
parametric statistical methods (Wilcoxon test for paire
and the Mann-Whitney rank sum test for unpaire
samples, Sachs 1978). The hypothesis of independen,
was tested with the coefficient of correlation accordiy
to Spearman. All results were expressed as the mean
SEM.

Results
Clinical data
Table 1 shows the clinical data of all 44 patients
the two series according to the different dail
doses. The mean CA at start of treatment was 5.4
+ 0.33 years for all female patients of group |
and B together. CA differed significantly fron,

At start of treatment (years, X & SEM) Pubertal stage
N, sex (both groups)
Chronological age Bone age Menarchal age
Breast | Pubic
A B A B A B A B (range) hair
Idiopathic
11f I8f 4991065 5881049 8521092 B61%058 527+0.81 452+0.72 II-IV
(N =10) (N =12)
1m Im 7.08 4.4 11.0 7.0 - -
Familial
- If - 6.88 - 11.0 - 5.0
Cerebral
4f 3f  6.22%1.04 342134 929+051 6.66+174 6.08+1.19 2.04+054 Il-IV
(N=2)
McCune-Albright
4f 1f 4771086 6.37 7.93+1.14 8.5 4.19+0.81 5.33 Im-iv
(N=3)
n.s.
19f 23 5.21%£047 364+046 B56+0.59 8581055 5.27+056 4.48+0.64 II-IV
Im Im 7.08 44 11.0 7.0 (N =17) (N =16)
< 0.001 1
Total 42 f 545 +0.33 8.57+04 4.89 +0.42 -
2m 5.74 + 1.34 9.0 20 (N = 33)

Group A = ‘high’ dose. Group B = low’ dose, see text. * Emissions at the age of 7 years.
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itial BA which was 8.57 1+ 0.4 years (P < 0.001).
mong the girls, 35/42 had already experienced
wenarche at the age of 4.89 + 0.42 years. There
ere only slight differences in CA, BA, and
enarchal age (MA) with respect to the various
pes of precocity within each group and between
¢ groups. Concerning the secondary pubertal
“signs at start of treatment, the breast development
was the leading sexual characteristic in girls. One
poy had emissions at the age of 7 years, the other
presented with pubic hair stage II (Marshall &
Tanner 1970).

Patients of group A received ‘high’ dose CPA
herapy (range 97-158 mg/m? BSA per day),
hose of group B were treated with a ‘low’ dose
egimen (range 48—72 mg CPA/m? per day). The
iean duration of therapy did not differ, being
86 £ 0.49 years in group A and 4.6 % 0.39 years
group B.

ificance were performed using nop,
ical methods (Wilcoxon test for paireg
Vhitney rank sum test for unpaireq
)78). The hypothesis of independen
he coefficient of correlation according
results were expressed as the mean .

Results

he clinical data of all 44 patients iy
according to the different daily
n CA at start of treatment was 5.4
or all female patients of group 4
r. CA differed significantly from

o Anthropometric measurements

‘The height SD score for CA for all patients de-

y grouped according to . creased from 2.54 % 0.29 before to 1.28 + 0.52 sp

Pubertal stage Height—SDS
— {both groups) (SDS-CA §,SD5-BA |, X+ SEM)
fenarchal age
Breast | Pubic Group A (high dose)
B (range) hair
cA

0.81 4.524£072 II-1IV

10) (N =12)

% - - II-1Ik

5.0 il -
- 1.19 204054 II-1V  I-Il #30F — - - — — — ~ - — — — — — — —
N=2)
8A
L H
-0.81 5.33 -1v I-1 P S —-'—-f--{
- 3) I" . b
—— 0. 8.
-0.56 448 +064 I1I-1V 11V " 20 20 ) [ 5
- 17) (N = 16)
0 2 4 . 6 7
4.89 £0.42 n-1v I-1v yoars of CPA trastment
(N = 33)

f 7 years.

(n.s.) after 7 years of CPA treatment in gro
(Fig. 1A), whereas the corresponding data i
group B (Fig. 1B) slightly increased d>uring the
same period of time. Considering the BA adjusted
data, the height score did not significantly change
during CPA therapy either in group A or in
group B.

‘The weight scores for CA and BA displayed a
dose-dependent, increasing obesity which was al-
ready initially more expressed in patients in group
A (Fig. 2A) than in group B (Fig. 2B), though the
differences within and between the groups were
not significant.

The height velocity scores for CA and BA
distinctly decreased under CPA treatment in both
groups (Figs. 3A and 3B). Before therapy, height
velocity was more accelerated in patients in group
A than in group B. During the first therapeutic
year, the reduction of growth rate was significant
tor BA and CA (each P value < 0.05) in group A,
whereas a significant decrement for B was not
evident until after 4 years of CPA treatment (CA
adjusted velocity score, P < 0.05). Regarding

Height—SDS
(s0s-CA §, 505-BA ], %+ SEM)
Group B (low dose
SDS p B ( }
+4
+3
ca
Ny M’
+1
04 W ——mm e m——
- BA I
- N
- I— -~ ~ \I

_24 I/ P I— -

T

4 6 7
yeara of CPA treatment

O~
N

Fig. 1.
Height scores in two groups of patients with precocious puberty during treatment with cyproterone acetate.
A) group A = ‘high’ dose. B} group B = ‘low’ dose.
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identical periods of therapy, there were no sig-
nificant difterences between the two groups.

Bone maturation

The skeletal maturation (ABA/CA) was pro-
nounced in patients in group A (Figs. 4A and 4B),
being 2.96 + 0.51 before therapy and diminishing
to 1.31 £ 0.21 years (P < 0.05) during the second
year of treatment. In group B, the decrement of
BA acceleration did not differ statistically between
the pretherapeutic and the therapeutic phase.
There were no significant differences between the
two groups throughout CPA therapy. The ratio
expressed by the whole duration of therapy and
the total increment of BA within this time was
identical for both groups (Table 2).

Final height, target height, and height prediction

There were only slight, insignificant differences
in the initial height predictions when comparing
the groups with one another (Table 3). As for the
patients with the idiopathic variant of precocious
puberty, the initial prognoses in group B agreed

Weight— SDS
SDS (308-CA§,SnS-BAT, X+ SEM) T T
+ 54 Group A (high dose)
+ 4 ca \
+ 39
+24 L
+ 1
- T
’/

+0 e __;_4-_’.__ R

-
- 14

BA
-~

n 20 20 13 8 5
0 2 4 8 7

years of CPA trostment

Fig. 2.
Weight scores in two groups of patients with precocious puberty during treatment with cyproterone acetate.
A) group A = ‘high’ dose. B) group B = ‘low’ dose.
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excellently with I'H, whereas in group A, heigh,
prediction exceeded FH by about 4 cm. In spite o
the low number of cases, it has to be mentioneg
that the initial predictions in the patients with th,
McCune-Albright syndrome (group A) differeq
from FH by about 15 cm. FH was achieved in 3)
patients (29 f, 2 m). Height predictions and ¥y
varied significantly from TH in each group and j
the whole series (P < (0.001).

Achieved FH of all patients was in the lowe
range of TH and the initial Bayley-Pinneay
growth prediction (GP-BP).

Correlations
Significant correlations were found between FH
and other parameters such as initial CA and B!
initial BP predictions, TH, actual height at the
end of CPA therapy, as well as duration of trea
ment (Table 4),

Qutcome of all patients

Regarding the height sb score for BA in all
patients of our series up to FH, the sb score was

Weight —- SDS
SDS
(808 -CA §, 305 -BA §, ¥ + SEM)
+5 Group B {low dose)
+44
+3-1
CA
+24
+1
0] e
BA }
-1 I ————— I ————— I- {
-2
n 24 23 14 [
T T T T
0 2 4 6

ysars of CPA trestment



h FH, whereas in group A, heigh
eeded FH by about 4 cm. In spite o
er of cases, it has to be mentioneg
predictions in the patients with the
ight syndrome (group A) differeq
bout 15 cm. FH was achieved in
. 2 m). Height predictions and FH
antly from TH in each group and iy
s (P < 0.001).

H of all patients was in the lowe;:
I and the initial Bayley-Pinneay,

tion (GP-BP).

rrelations were found between ¥Hi i

ameters such as mitial CA and BA

dictions, TH, actual height at the ‘

1erapy, as well as duration of treat.

).

atients

> height Sb score for BA in all 3}35

r series up to FH, the $D score was

Weight - SDS

{SDS -CA §, SOS - BA I, ¥ £ SEM)
{low dose)

23 "° 8 L]

2 4
ysars of CPA trsatment

o

reatment with cyproterone acetate.
” dose.

(SDS—CA!, SDS-BA L, ¥1SEM)

520 <001
¢ p<0.05

Group A (high dose)

3

2
T slias! =i
0 1 2 3 4 5 a

o4
~

ysers of CPA troatment

Velocity--SDS
(SD§-Caq, SOS-BA I, % 238m)

exp « 0,01
« p< 005

Group B (low dose)

13 24 24 23 15 "
n 16 24 24 23 % 1

yoars of CPA traatment
Fig. 3.
ght velocity scores in two groups of patients with precocious puberty during treatment with Cyproterone acetate.
A) group A = ‘high’ dose. B) group B = ‘low’ dose.




Skeletal maturation (A BA/CA, years) in two groups of patients with precocious puberty during treatment wi
cyproterone acetate. A} group A = ‘high’dose. B) group B = ‘low’ dose.
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4BA/CA Skeletal maturation
{a BAICA, yrs, %: SEM)
304 Group A (high dose)
2.5+
204
1.5
1.0+ -
05
14 18 20 9 i3 " 5 4
Oj (2 2] - o ol e —— L -
1 2 3 4 5 6

years of CPA irestment

a BA/CA
25 Skeletal maturation
. (s BA/CA, yrs, X+ SEM)
Group B (low dose)
204
1_5~<
10 -
05
J n 13 24 24 23 15 1" 8
o_ﬂr [l re ot -~ -~ ot o
l T Ll 1 1 T
1 2 3 4 5 (]

years of CPA treatment

Fig. 4.




Table 2. :

eletal maturation for the whole period of cyproterone
¢tate treatment in two groups of patients with precoci-
s puberty. A BA; - BA, = difference between hone
s at start and at the end of CPA treatment (and
similarly for CA).

Group A (N = 20); ‘high’ dose

BA-BA.  4.88 Lo
CA;-CA. 486 :

Group B (N = 24); Yow’ dose

BA-BA, 509 o
CA;-CA. 46 =

y precise measure of height prediction (Table
It was obvious that height SDS for BA did not
hange significantly during and after CPA ther-

apy in the patients with idiopathic 1PP, Compared
with the other forms of precocious puberty, the
deviation from normal was only modest in the 3
patients with the McCune-Albright syndrome.
The correlations between the transformed data
for all patients at start and at the end of CPA
treatment as well as between the latter and FH
were significant (each P-value < 0.001), whereas
the correlations between the height SDS at start of
treatment and at FH were not.

The idiopathic form

Grouping all 23 patients with the idiopathic form
according to the daily CPA doses, there were no
significant differences between the height scores
(group Aj, 126 * 6.86 mg CPA/m? per day vs
group By, 69.13 £ 3.16 mg/m? per day, P < 0.05,
Table 6). Cessation of treatment prior to BA 13

‘years did not improve FH. This is shown in Table

Table 3,
ley-Pinneau height predictions at start of CPA treatment (GP;-BP), final and target height in two groups of patients
with precocious puberty.

cm, X SEM

N, sex
GP-BP

Final height Target height

B A B

ocious puberty during treatment witlh
up B = ‘low’ dose.

18f 157.122.84  153.33+ 1.85 153.07+2.99 15349+ 125 160.95* 146 161.76 + 1.47
(N=7) (N =14)
1m 171 170 160 166.5 177.5 176
1f - 147 154 -~ 156
3f 1505+4.18  153.31£7.89 150.67 +0.66 159 16138+ 147 164.8+3.16
(N=3) (N=1
tCune-Albright
If  171.04%2.12 164.7 156.25 +3.75 157 170.63 £ 2.31 169.5
(N=2)
23 f 15847247 15355+ 1.77 1530+ 148  153.99 + 1.09 163.08%1.34 162.25+1.98
(N =12) (N =17)
I'm 171 170 160 166.5 177.5 176
T < 0.001 |
155.78 + 1.51 n.s. 153.58 +0.87 < 0.001 162.61+0.92
(N =29)
2m 170.5 *0.5 163.25 +3.25 176.75 £ 0.75

oup A = ‘high’ dose. GroupB =

‘low’ dose.
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Table 4.
Coefficients of correlation (r5) according to Spearman
between final height and other parameters in 31 patients
with various types of precocious puberty.

Final height vs Ts P

CA (initial) —0.85 < 0.05
BA (initial) -0.32 < 0.05
ABA;-CA; -0.17 n.s.
CA (end of treatment) 0.07 n.s.
BA (end of treatment) 0.07 n.s.
BP (mutial) 0.55 < 0.001
Target height 0.72 < 0.001
Height (end of treaument) 0.82 < 0.001
Duration of therapy 0.37 < 0.05
Daily dose 0.16 n.s.
Cumulative dose 0.22 n.s.

7, in which all 23 patients with diopathic preco-
city were divided into 2 groups by bone age (BA,)
at the end of CPA treatment (group I, BA, 12.51
+ 0.31 years vs group 11, BA, 14.46 * (.38 years,
P < 0.01).

Treated and untreated patients

The correlation between FH and TH in our series
of CPA-treated girls with the idiopathic form of
precocious puberty was similar to that in a sample
of untreated girls reported by Thamdrup (1961,
Table 8). The differences between FH and TH in
the untreated cases were nearly the same as in our
CPA-treated series.

Table 5.
Height scores for bone age in patients with various types of precocious puberty having
been treated with cyproterone acetate and having reached final height.

Discussion

It is accepted that CPA is effective in reduciy
the clinical manifestations of precocious puberr,
whereas the effects on statural growth remain’
matter of permanent debate.

Our data clearly suggest that the drug admin;
tered in daily doses varying from 48—158 mg/m
does not improve the pretherapeutically calg
lated height predictions: it could be shown thy
definitely achieved FH did not differ from the Fy
in untreated patients with precocious pubert
reported in the literature (Thamdrup 196
Sigurjonsdottir & Hayles 1968). CA and BA in th
untreated subjects at time of diagnosis were sim;
lar to those in the patients in group A and B 4
start of treatment.

Since the coefficients of correlation between Fi
and TH in treated and untreated patients (Table
4 and 8) were nearly identical, the assumptiog
seems to be justified that linear growth in patient
with precocious puberty is mainly determined by
target height. '

To our knowledge, this is the first study whict
confirms that CPA does not improve staturd
growth in patients with IPP irrespective of ‘low’ o:
‘high’ dose treatment (Table 6). Qur results are i
accordance with those of Werder et al. (1974) whg
did not find any significant differences betwees
height SDS for BA in ‘low’ dose (70 mg CPA/m?
per day) treated (N = 18) compared with un:
treated patients (N = 82). The girls from the
Zurich sample had been treated at a mean CA of

Height-SDS (BA, X £ SEM)

Type At start

of treatment

Atthe end
of treatment

At final height
(BA = 18 years)

Idiopathic (N = 23) —9.04 + 0.94 —2.02 £ 0.2 ~1.91 % 0.18
Familial (N = 1) 924 147 —178
Cerebral (N = 4) —1.63 +£0.73 ~1.95 + 0.61 ~1.99 +0.36
McCune-Albright (N = 3) —0.81 +0.29 10 +0.13 ~1.35 +0.37
Total (N = 31) ~1.88 4021 ~1.89 + 0.17 ~1.86 % 0.14
1y = 0.58% 1Ly o 750
s = 0.26%

*n.s. B P <0.001.
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Discussion

that CPA is effective in reducmg
wnifestations of precocious puberty

Table 6.

Effects of different CPA dosages on height scores for bone age in two groups of patients
with idiopathic precocious puberty (group A; =

126 + 6.86 mg CPA/m? per day,
X & SEM; group B, =69.13 & 3.16 mg CPA/m? per day, P < 0.05).

tfects on statural growth remain
nanent debate.

Height-SDS (BA)

arly suggest that the drug admini Group At start of treatment At the end At final height
doses varying from 48—158 mg/m: (X * $EM) of treatment (BA Z 18 years)
rove the pretherapeutically calcy.
redictions: it could be shown thy i 1. s. i
eved FH did not differ from the FH Ay (N=28) —2.22 + 0.43 ns —2.122042 n.s, -2.01 £0.35
patients with precocious puberty L e - . 8.

) i L By (N = 15) —1.95+029 ns —19%£022 ns. —~1.85%02
the literature (Thamdrup 196 | s |
r & Hayles 1968). CA and BA in the.
jects at time of diagnosis were simi. ‘Total (N = 23) ~2.04 £ 0.24 ~2.02 0.2 ~191%0.18
| the patients in group A and B g Ly =047 Ly = 07358 —d
ent. Ry N

etficients of correlation between FH

ated and untreated patients (Tables!
¢ nearly identical, the assurptio
stified that linear growth in patients:
1s puberty is mainly determined

wledge, this is the first study which’

CPA does not improve statur
ents with IPP irrespective of ‘low’ ¢
atment (Table 6). Our results are
th those of Werder et al. (1974) w
iny significant differences betwee
r BA in Jow’ dose (70 mg CPA/
ted (N = 13) compared with u
ts (N = 32). The girls from th
bhad been treated at a mean CA

recocious puberty having

65 years and had even slightly deteriorated their
ht scores for BA from —1.28 + 0.29 (X £ SEM)
art to —1.52 + 0.32 sp at the end of therapy.
1 the untreated patients, the $D score remained
most uninfluenced, being —1.53 + 0.26 at diag-
sis and —1.46 £ 0.28 SD at time of analysis (i.e.
7 years later), FH and TH in 6 untreated girls
ith the idiopathic condition were 153.5 £ 3.77
1d 161.8 £ 1.51 cm, respectively. Qur data agree

*n,s. BP<(0.025, #FP <0001

well with these values (high’ and ‘low’ daose
treated patients together). In comparison to the
height scores of Werder’s patients, our subjects
displayed a more severe deviation from normal
and they were younger at time of diagnosis. The
untreated sample in Werder’s study was not a
strict control group, since some of the patients
had temporarily been treated with other progest-
ational drugs.

Table 7.

flect of cyproterone acetate on height scores for bone age in two groups of patients with idiopathic precocious
uberty divided according to bone age (BA,) at the end of treatment. (Group I = BA, 12.51 % 0.31 years, ¥ * skm;

group II = BA, 14.46 + 0.38 years, P < 0.01).

1ed final height.
Height-SDS (BA)
¥ *+ SEM) Group BA; DD .
(years, X * SEM) (mg/m?) At start of treatment Attheend At final height
1 At final height (X £ SEM) of treatment (BA 18 years)
nt (BA = 18 years)
[ n.s. j
2 ~1.91 £ 0.18 . 1 n.s T n.s ]
—1.78 roupI (N =7) 777 £ 0.94 88.7 £ 10.5 -14+04 -1.23 £0.33 —-1.73 £ 0.32
61 ~1.99 + 0.36 Ae 11— 13.33 years) n.s. n.s. n.s, n.s. n.s.
13 - 1.85 + 0.37 toup 11 (N = 16) 9.33 + 0.6 89.0 £ 8.3 —-2.32 £ 0.54 -2.36 £ 0.4 -1.99 £ 0.42
e 13.5—15.5 years) I n.s I <0.01-
17 ~1.86 £ 0.14 ' n.s.
-1y = 0.75%* :
oo otal (N = 23) 8.86 + 0.52 89.9 + 6.53 —2.04 + 0.24 —2.02 £ 0.2 -1.91%0.18

= daily dose. BA;

= initial bone age.
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Table 8.
Final height and target height in girls with idiopathic precocious puberty treated with cyproterone
acetate compared with untreated patients from other studies.

Treated Untreated
Present study (1986) (cm, X + SEM) Sigurjonsdottir & Thamdrup (1961)
Hayles (1968)
Final height Target height Final height Final height Target height
N=21f1 N=21f¢ N=15f
— s = 0.67% [ Iy = 0.64% ——
153.3 £ 1.1 161.82 + 1.25 153.2 £ 1.73 150.5 £ 2.14 160.4 £ 1.11
L < 0.001 < 0.001
*P < 0.001.

Bierich (1983) too, did not observe any signifi-
cant therapeutic effects of CPA on longitudinal
growth. With regard to time of discontinuation of
therapy, our data contradict Bierich’s postulation
to stop CPA treatment in girls at a BA of about 12
years in order to have full benefits from pubertal
growth spurt. Our data show that cessation of
therapy prior to a BA of 13 years has no advant-
age with respect to improved final height (Table
7). Although our data may suggest to continue
CPA treatment up to a BA of 15 years, we
observed no significant improvement of FH when
compared with the sD scores at the beginning of
treatment.

In our series, the coefficients of correlation
between FH and the pretherapeutic ages were
about r = —0.3 (Table 4), but they were —
although significant — too low to be considered
a sufficient argument against the hypothesis of
Murram et al. (1984) who stated that FH still
deteriorated in those patients whose puberty
started before the age of 5 years. On the other
hand, the relations between FH and prethera-
peutic age were limited by the insignificant corre-
lation between ABA;—CA; and FH (r = ~0.17,
Table 4). Consequently, they could not be inter-
preted in favour of Bierich (1983) either. He
found better final heights in those patients treated
at an earlier age,

According to a recent review by Lyon et al.
(1985), daily doses of 50— 100 mg of CPA had no
effect on growth in 26 girls with IPP.

A better outcome with respect to height predic-
tion was advocated by Helge (1973) for those
patients who had been treated ‘early and long
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enough’ with doses ranging from 60 to 100 m
CPA/m? per day. The mean BP predictions chan
ged from 150.4 before to 153.0 cm in 9 patient
with IPP after cessation of therapy. A probabl
improvement of height predictions was also sup-
posed by Rager et al. (1973) in 9 patients with
precocious puberty after administration of CPA a
daily doses of 100 mg/m? Bossi et al. (1973
described improved height predictions in 5 pa
tients with precocity treated with mean daily doses
of 60 mg CPA/m?2. The authors suggested that the
ratio between the increment of beight age to the
mcrement of BA might afford more reliable pre-
dictions in IPP than the tables of BP. However, it
has been unequivocally demonstrated by Zach-
mann et al. (1978) that BP predictions were fairly
appropriate in subjects with precocious puberty.
As for the ‘low’ dose treated patients with the
idiopathic form we could confirm a sufficient
agreement between pretherapeutic BP predic
tions and FH (Table 2). For those receiving ‘high
dose therapy, it may be speculated whether FH
was overestimated or FH — as a consequence of
the disease or of the treatment - remained below
initial predictions. It should be kept in mind,
however, that in the individual case, the predi
tion error may by considerable. In our expe
ience, the statements of Kirkland et al. (1981) a
unusual in that they found final heights of 161
2.6 cm (X * SEM) in 11 patients with IPP, wi
prediction errors amounting up to + 10 cm wh
calculated by the BP method 4 to 6 years befo
FH. Kauli et al. (1976) treated 29 patients wi
precocious puberty with various CPA regime
and observed a beneficial effect on linear grow




ly in patients with a BA of less than 11 years.
ahnke et al. (1979) claimed that the CPA treat-
ent was effective on growth and bone matur-
ion at mean doses of 65 mg/m? per day. In 16

berty treated with cyproterone
her studies.

reated ris with IPP, the BP predictions improved from
Thamdrup (1961) 0 = 9.1 (X * sn) before to 153.9 + 9.7 cm after
continuation of therapy (P < 0.01). Height sp

height Target height ores for BA tended to normalize from —1.74 +
15 at start to —1.19 £ 1.2 $D at the end of CPA

N=15f erapy (P < 0.05).

:’l:":]::: 0.64:604 f1n The validity of all these findings concerning
= <0.00] —1 tter height predictions by CPA treatment are

fficult to evaluate since the final heights even-
ally achieved have not been reported.

doses ranging from 60 to 100 mg Conclusions
lay. The mean BP predictions chan
.4 before to 153.0 cm in 9 patient
r cessation of therapy. A probable
of height predictions was also sup
rer et al. (1973) in 9 patients with
berty after administration of CPA a
f 100 mg/m? Bossi et al. (1973
roved height predictions in 5 pa
cocity treated with mean daily doses
/m2 The authors suggested that the
the increment of height age to the
BA might afford more reliable pre
P than the tables of BP. However, i
quivocally demonstrated by Zach
978) that BP predictions were fairly
1 subjects with precocious puberty
ow’ dose treated patients with the
'm we could confirm a sufficient
tween pretherapeutic BP predic-
(Table 2). For those receiving ‘high'
it may be speculated whether FH
ated or FH — as a consequence of
of the treatment — remained below
ions. It should be kept in mind,
in the individual case, the predic-
1y by considerable. In our exper-
ements of Kirkland et al. (1981) are
it they found final heights of 161 £
SEM) in 11 patients with IPP, with
ors amounting up to * 10 cm when
the BP method 4 to 6 years before
al. (1976) treated 29 patients with
iberty with various CPA regimens
a beneficial effect on linear growth

atural growth may be regarded as a combina-
n between how fast the bones are maturing and
w fast the body is growing. Statural growth in
tients with precocious puberty will not be im-
oved as long as skeletal maturation and growth
elocity cannot be kept at a normal rate (i.e. ratio
ABA/CA about 1 or less, and velocity score for BA
2 0) until final height has been achieved.

The patients with the more severe deviation
from normal at the beginning of therapy who
were treated with ‘high’ doses of CPA tended to
act faster than the ‘low’ dose treated subjects.
This would mean that the speed of reducing
celerated bone maturation and growth velocity
ght depend on the dosage, i.e. ‘high’ dose
erapy works faster. On the other hand, the
erapeutic effect might have been more pro-
unced the more severely affected the patients
re.

The suppression of gonadotropins and sexual
roids is a highly desirable effect of CPA in the
atment of IPP. Moreover, it might be specu-
ed that despite the adrenal hypofunction, the
Hucocorticoid-like properties {(Girard et al. 1978)
CPA cause a condition similar to Cushing’s
case which would explain why positive etfects
growth are missing.
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